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Abstract 
The Europe-Japan Collaborative Research Project on Concentrator Photovoltaics (CPV) has been initiated under 
support by the EC (European Commission) and NEDO (New Energy and Industrial Technology Development 
Organization) since June 2011. This paper presents outline and recent results of this project. Under this project, 
world-record efficiency (43.5% under 240-305 suns) InGaP/GaAs/InGaAs 3-junction cell has been demonstrated by 
Sharp Co. Such efficiency has been confirmed by FhG-ISE. 
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1. Outline of the Europe-Japan collaborative research project on CPV 
The Europe-Japan Collaborative Research Project on CPV has been initiated under support by the EC 
and NEDO as NG-CPV Project (A New Generation of Concentrator PhotoVoltaic cells, modules and 
systems) since June 1st 2011. Because high concentration PV has great potential of higher efficiency [1] 
and lower cost [2] compared to conventional crystalline Si PV and thin-film PV as shown in Fig.1, CPV 
has been selected as the EU-Japan collaborative research theme. The aim of this project is to accelerate 
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CPV technology development and to promote very large scale deployment of CPV. The authors serve as 
leaders of Japanese and European teams. Seven organisations such as UPM, FhG-ISE Imperial College, 
BSQ, CEA-INES, ENEA, and PSE in Europe and nine organisations such as TTI, Univ. Tokyo, AIST, 
Sharp Co. Daido Steel Co., Kobe Univ., Miyazaki Univ., Asahi Kasei Co., and Takano Co. participate in 
this project.   
 
Figure 2 shows main project targets under the NG-CPV Project (Europe-Japan collaborative research 
on CPV). The targets of the NG-CPV Project are 1) to develop world-record efficiency CPV cells of more 
than 45%, 2) to develop world-record efficiency CPV modules of 35%, 3) to establish standard 
measurements of CPV cells and modules, 4) to install 50 kW CPV system in Spain and to carry out field 
test of CPV system, and 5) to develop high-efficiency and low-cost new materials and structure cells such 
as III-V-N, III-V-on-Si tandem, quantum dots and wells.  
 
The NG-CPV Project is aiming to accelerate the move to very high efficiency and lower cost 
concentrator photovoltaic (CPV) technologies and to enhance widespread deployment of CPV systems, as 
shown in Fig. 3. 
 
 
(a) 
 
(b) 
Fig. 1. (a) High efficiency potential of multi-junction solar cells; (b) low cost potential of concentration solar cell modules [2]. 
 
 
Fig. 2. Main project targets under the Europe-Japan 
collaborative research on CPV. 
 
Fig. 3. Towards higher efficiency and lower module cost by 
the Europe-Japan collaborative research on CPV. 
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2. Recent results of the NG-CPV Project 
 
Although lattice-matched III-V compound materials have been used for multi-junction solar cells 
previously as shown in Fig. 4, lattice-mismatched III-V compounds have great potential of higher 
efficiency because of bandgap combinations. Figure 5 shows advantages and disadvantages of III-V 
lattice-matched and lattice-mismatched materials. Because III-V lattice-mismatched materials have higher 
dislocation density compared to those of lattice-matched materials, insertion of graded buffer layers and 
thermal cycle annealing have been examined in our study in order to reduce dislocation density in III-V 
lattice-mismatched materials. Figure 5 shows effects of insertion of graded buffer layers on reduction in 
dislocation density in III-V lattice-mismatched materials. 
 
 
Fig. 4. Advantages and disadvantages of III-V lattice-
matched and lattice-mismatched materials. 
 
 
Fig. 5. Effects of insertion of graded buffer layers on 
reduction in dislocation density in III-V lattice-mismatched 
materials 
 
Fig. 6. In-situ measurement of reciprocal space mapping of x-ray diffraction during MBE growth of lattice-mismatched 
InGaAs/GaAs. 
 
Fundamental studies are carried out in order to understand and control lattice strain and dislocation 
behaviours in III-V lattice-mismatched materials. Figure 6 shows in-situ measurement of reciprocal space 
mapping of x-ray diffraction during MBE (molecular beam epitaxy) growth of lattice-mismatched 
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InGaAs/GaAs. Dislocation behaviours such as threading of dislocations from substrate, nucleation of 
dislocations, dislocation generation and multiplication, and dislocation annihilation by dislocation 
coalescence are being clarified. 
 
Figure 7 shows process of inverted epitaxial growth for lattice-mismatched InGaP/GaAs/InGaAs 3-
junction solar cells. By inverted epitaxial growth, dislocation generation due to lattice mismatched system 
and thermal damage have been reduced. Most recently, Dr. Takamoto et al. (Sharp) have demonstrated 
world-record efficiency (37.5%) InGaP/GaAs/InGaAs 3-junction solar cell under 1-sun [3]. 
 
Figure 8 shows approaches for higher efficiency concentrator multi-junction solar cells. In order to 
realise higher efficiency of more than 45%, reduction in series resistance and optical loss have been 
mainly examined. Under this project, world-record efficiency InGaP/GaAs/InGaAs 3-junction cell with 
an efficiency of 43.5% under 240-305-suns has been demonstrated by Sharp Co. [3] as shown in Fig. 9. 
Such efficiency has been confirmed by FhG-ISE. 
 
 
 
Fig. 7. Process of inverted epitaxial growth for lattice-
mismatched InGaP/GaAs/InGaAs 3-junction solar cells. 
 
Fig. 8. Approaches for higher efficiency concentrator multi-
junction solar cells. 
 
(a) 
 
(b) 
Fig. 9. (a) light illuminated current-voltage curve under AM1.5d 306.5-suns, and (b) AM1.5d concentrator ratio dependence of 
efficiency for lattice-mismatched InGaP/GaAs/InGaAs 3-junction solar cell fabricated by Sharp Co. 
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Fig. 10. 50 kW CPV system installation in Spain. 
Daido Steel Co. has installed 50 kW CPV systems [4] in Spain in cooperation with European partners, 
as shown in Fig. 10. 
 
3. Future of CPV 
 
     Because CPV has great potential of higher module efficiency of more than 40% and lower system 
price of less than 0.5Euro/W as shown in Fig. 11 [4], the future of CPV is expected to be very bright, as 
well as that of the first-generation crystalline Si PV and the second-generation thin-film PV. 
 
 
 
Fig. 11. Future of CPV reported by the EC s A Strategic Research Agenda for Photovoltaic Solar Energy Technology (EC, 2007). 
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